In this contribution the zinc content in selected soil types and soil reaction on zinc loading in kinetic model conditions with knock-down columns filled with soil samples are evaluated. The total zinc content after their draining, finish and decomposition by HF + HClO 4 mixture and its fractions content in extract of 2 mol dm -3 HNO 3 , in extract of 0.05 mol dm
In this contribution the zinc content in selected soil types and soil reaction on zinc loading in kinetic model conditions with knock-down columns filled with soil samples are evaluated. The total zinc content after their draining, finish and decomposition by HF + HClO 4 mixture and its fractions content in extract of 2 mol dm -3 HNO 3 , in extract of 0.05 mol dm
EDTA and in extract of 0.01 mol dm -3 CaCl 2 using atomic absorption spectrometry method were determined.
The knock-down columns filled with soil samples in model kinetic conditions were used for observation of zinc sorption measure. The maximal water capacity of soils was determined and then solution of 280 mg zinc (ZnSO 4 .2H 2 O) per kilogram of soil was applied. The zinc contents in extraction solutions 2 mol dm -3 HNO 3 , 0.05 mol dm -3 EDTA and 0.01 mol dm -3 CaCl 2 in drained 0.05 m high soil columns by atomic absorption spectrometry method were determined.
The obtained results were evaluated by mathematical-statistical methods -multiple range analysis and linear regression. Achieved data were compared to allowed limit values.
The results show different behavior of individual soil types against zinc loading. The soils showed different properties, where zinc migration to the lower column layers was determined. The accent is given to zinc dynamics in neutral and acid soils. The limit value A (140 mg kg -1 ) was observed in Luvic Cambisol. The limit value A1 (40 mg kg -1 ) was observed in Eutric Regosol and Luvic Cambisol in upper layer of soil in column. The obtained results show high mobility of zinc in tested soils and thus its risk for ecosystems.
INTRODUCTION
Zinc belongs to the elements which are essential for humans, but on the other hand are potentially toxic. The amount of zinc entering every year the environment is about two million tons. The average concentration of zinc in the earth crust is about 50 mg kg -1 (Beneš 1994) .
The zinc content in soils ranges from 2 to 100 mg kg -1 in natural conditions. The average content of zinc in soils ranges from 10 to 50 mg kg -1 in the world (Beneš & Pabiánová 1987) . The highest average contents of zinc are in soils with higher humus and carbonate content (Chernozems and Fluvi-calcaric Phacozem, mainly carbonate). The zinc content in this soil types is under limit. Markedly contaminated area in the Middle Spiš is highlighted in the map of the zinc content in Slovak soils (Linkeš 1997) . Other localities (with the zinc content from average value to hygiene limit 140 mg kg -1 ) frame coherent territories, mainly in lowlands and depressions. Extremely high zinc content in soil extract of 2 mol dm -3 HNO 3 (100-150 mg kg -1 ) occurs only in areas near Rudňany and Krompachy (Tomáš et al. 2000; Tóth 2007 ). High amount of zinc can be adsorbed on organic and inorganic soil colloids. Thus the zinc concentration in soil solution can be very high. The water-soluble fraction of zinc is lower than 1%, exchangeable zinc fraction 3%, zinc fraction adsorbed on Fe and Mn oxides 40% and residual fraction (zinc bounded in primary and secondary minerals) 25-75%
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Physical and chemical characteristics of used soils from the total content (Alloway 1990 ). The zinc content in water -soluble fraction is quite low against zinc content in exchangeable fraction. Exchangeable or mobile zinc fraction is easily extracted by solutions of diluted acids, for example 2 mol dm -3 HNO 3 (Babčan & Švec 1997; Tóth et al. 2008) .
In this contribution the total and mobile forms of zinc contents in selected soil types, soil reaction on CaCl 2 (exchangeable forms) using by atomic absorption spectrometry method (AAS) by instrument PYE UNICAM SP9 were determined.
The knock-down columns filled with soil samples in model kinetic conditions were used for observation of zinc sorption measure. The maximal water capacity of soils was determined and then solution of 280 mg zinc (ZnSO 4 .2H 2 O) per kilogram of soil was applied in volume by up to 50 cm 3 higher than water capacity in every soil type. The migration time of solution in the column depended on the soil type. The zinc contents in extraction solutions 2 mol dm -3 HNO 3, 0.05 mol dm 
RESULTS AND DISCUSSION
The results of total zinc in soils and its contents in extracts 2 mol dm -3 HNO 3 , 0.05 mol dm -3 EDTA and 0.01 mol dm -3 CaCl 2 in used soils are presented in Table 2 .
The results show different behaviour of individual soil types against zinc loading. The total Zn content in used soils was determined in range 11.80-67.20 mg kg -1 . The determined content of zinc in Luvic Cambisol in range 236.10-247.10 mg kg -1 were higher than the maximal allowed concentration A (140 mg kg -1 ). The total content of zinc in used soils presented uphill sequence: Luvic Cambisol > Calcaric Fluvisol > Orthic Luvisol > Albo-gleyic Luvisol > Fluvi-calcaric Phacozem > Plano-gleyic Luvisol > Calcero-haplic Chernozem > Eutric Regosol.
The zinc compounds in majority of tested soils are bonded in light released forms in extracts 2 mol dm -3 HNO 3 and 0.05 mol dm -3 EDTA. The mobile Table 1 Agriculture (Poľnohospodárstvo), 57, 2011 (2) The experimental results signal the zinc risk for ecosystems. Achieved data corresponds to the results of Makovníková (2005), Vácha et al. (2002) , Tomáš et al. (2000) , Linkeš et al. (1997) , Lahučký et al. (2005 Lahučký et al. ( , 2007 .
The results of correlation analysis are in Table 3 . The relations between total zinc content, zinc content in different extract solutions 2 mol dm Increasing of zinc content in individual soils after application of 280 mg Zn per kilogram of soil is presented in Table 4 . The soil behavior towards zinc was variable but relatively similar. The Zn content in extract 2 mol dm -3 HNO 3 was in range ND (not detected) -51.88 mg kg -1 (ND -18.53% of added amount). The Zn content in extract 0.05 mol dm -3 EDTA was in range ND -46.04 mg kg -1 (ND -19.11% of added amount). The Zn content in extract 0.01 mol dm -3 CaCl 2 was in range ND -9.79 mg kg -1 (ND -3.50% of added amount). The soil shows different properties in relationship to zinc migration to the lower column layers. The accent is given to zinc dynamics in neutral and acid soils. The limit value A 1 (40 mg kg -1 ) was observed in Eutric Regosol and Luvic Cambisol in upper layer of soil in column. The similar results are presented by Tóth et al. (2008) and Tomáš et al. (2001) 
CONCLUSION
The results show different properties of individual soil types against zinc loading. The zinc compounds in majority of tested soils are bounded in lightly released forms in extracts 2 mol dm -3 HNO 3 and 0.05 mol dm -3
EDTA. The contents of potentially mobile Zn forms in 2 mol dm -3 HNO 3 (Fluvi-calcaric Phacozem, Calcerohaplic Chernozem, Calcaric Fluvisol, Albo-gleyic Luvisol) and in 0.05 mol dm -3 EDTA (Albo-gleyic Luvisol, Plano-gleyic Luvisol) were especially high. The accent is given to zinc dynamics first of all in acid and neutral soil reaction. The mobile forms of Zn in used extracts presented uphill sequence: 2 mol dm -3 HNO 3 > 0.05 mol dm -3 EDTA > 0.01 mol dm -3 CaCl 2 .
The soil behavior towards zinc was variable but relatively similar. Different properties shown Eutric Regosol, Albo-gleyic Luvisol, Plano-gleyic Luvisol, Calcero-haplic Chernozem and Calcaric Fluvisol, in which zinc migration to the lower column layers were find out.
However, the content of zinc were higher in Eutric Regosol and Luvic Cambisol than the allowed limit value A 1 (40 mg kg -1 ), therefore a higher attention has to be drawn to these locations. The obtained results show higher mobility of zinc in soils and thus its risk for ecosystems.
